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(54) CONTINUOUS SPUTTERING DEVICE 

(57) Abstract: 

PURPOSE: To prevent cross contamination by providing 
a pretreatment chamber, etc., which communicate with 
the inside of a buffer chamber and permit independent 
pressure reduction and discharging the gas generated in 
the stage of a pretreatment without via the buffer 
chamber. 

CONSTITUTION: A sample is carried by a conveying 
means 161, etc., into the pretreatment chamber 20 and is 
pretreated. The pretreatment chamber 20 is 
communicated with the buffer chamber 10 and the inside 
thereof is evacuated to the reduced pressure 
independently from the buffer chamber 10. The pretreated 
sample is transferred from the pretreatment chamber 20 
to a sample holding means 80 in the buffer chamber 10. 
The inside of the buffer chamber 10 is then evacuated to 
the reduced pressure and the sample is successively 
moved in said chamber and is thereby subjected to a 
sputtering treatment. The treated sample is again 
conveyed to the pretreatment chamber 20 and is then 
ejected to the outside of th pretreatment chamber 20 by 
a sample conveying means 163, etc. 
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SPECIFICATION 

1. TITLE OF THE INVENTION 

CONTINUOUS SPUTTERING APPARATUS 

2. WHAT IS CLAIMED IS: 

A continuous sputtering apparatus comprising: 
a buffer chamber to be evacuated; 

a plurality of process chambers provided in said 
buffer chamber capable of being communicated with said 
buffer chamber; 

a pre-process chamber provided in said buffer 
chamber capable of being communicated with said buffer 
chamber and evacuated independently of said buffer chamber; 

sample carrier means for sequentially moving sample 
holding means to a position corresponding to said process 
chambers and said pre-process chamber within said buffer 
chamber; and 

sample carrier means for taking-in-and-out a sample 
of said pre-process chamber to move said sample within said 
pre-process chamber and transferring said sample between 
said sample holding means and said pre-process chamber. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[Industrial Field] 
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The present invention relates to a continuous 
sputtering apparatus . 
[Prior Art] 

A continuous sputtering apparatus of the prior art 
is known in, for example, Japanese Patent Application Laid- 
Open No.. 52574/1985, which apparatus comprises a buffer 
chamber of a pentagonal external shape defpressurized and 
exhausted; four process chambers communicated with said 
buffer chamber, provided corresponding to four sides of a 
pentagonal shape and evacuated through said buffer chamber; 
a loading chamber communicated with said buffer chamber, 
provided corresponding to the remaining one side of a 
pentagonal shape, and evacuated; and moving means having 
sample holding means at a position corresponding to each 
process chamber and loading chamber, and rotating and 
moving the sample holding means sequentially within the 
buffer chamber such as a course of the loading chamber — * 
the respective process chambers — » the loading chamber. 

In such continuous sputtering apparatus described 
above, samples taken in the loading chamber are delivered 
one by one to the sample holding means, and allowed to 
correspond to each process chamber by a rotational movement 
by way of the moving means. The sample held by the sample 
holding means is processed, during that period, by a 
suitable combination of bake processing for removing a 
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contaminated gas absorbed on the surface of the sample, 
sputter-etching processing for. removing an oxide on the 
sample surface prior to sputtering, or sputtering 
processing for forming thin films. The samples having 
subjected to the processing as described above are removed 
from the sample holding means, returned one by one to the 
loading chamber, and thereafter taken out of the loading 
chamber. 

[Problem to be Solved by the Invention] 

In the continuous sputtering apparatus described 
above, gases generated when the samples are subjected to 
the bake processing or the sputter-etching processing are 
exhausted through the buffer chamber. Therefore, an 
exhausting of the gases from the buffer chamber is 
insufficient depending on the exhausting ability of a means 
for evacuating the buffer chamber and each of the process 
chambers, and the gases are turned into the process chamber 
for carrying out the sputtering processing, resulting in a 
danger of producing a cross-contamination. Such cross- 
contamination is of a degree that can be ignored in a 
conventional formation of LSI pattern films or gate films; 
however, in a formation of LSI pattern films or gate films 
of a sub micron order, the cross contamination cannot be 
ignored . 

An object of the present invention is to provide a 
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continuous sputtering apparatus for exhausting gases 
generated when samples are subjected to bake processing or 
sputtering processing without being passed through a buffer 
chamber to prevent the gases . from turning into a process 
chamber for carrying out sputtering processing/ which makes 
it possible to prevent a cross contamination from occurring. 
[Means for Solving the Problem] 

The aforementioned object is achieved by a 
continuous sputtering apparatus comprising: a buffer 
chamber to be evacuated; a plurality of process chambers 
provided in said buffer chamber capable of being 
communicated with said buffer chamber; a pre-process 
chamber provided in said buffer chamber capable of being 
communicated with said buffer chamber and evacuated 
independently of said buffer chamber; sample carrier means 
for sequentially moving sample holding means to a position 
corresponding to said process chambers and said pre-process 
chamber within said buffer chamber; and sample carrier 
means for taking-in-and-out a sample of said pre-process 
chamber to move said sample within said pre-process chamber 
and transferring said sample between said sample holding 
means and said pre-process chamber. 
[Operation] 

Samples taken in the pre-process chamber by the 
sample carrier means are subjected, within the pre-process 
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chamber, to pre-processing, that is, bake processing or 
sputter-etching processing. Gases generated in the pre- 
processing as described are exhausted from the pre-process 
chamber directly without being passed through the buffer 
chamber. Samples having already been subjected to the pre- 
processing are delivered from the pre-process chamber to 
sample holding means, and moved within the buffer chamber 
^0 sequentially corresponding to the process chambers by 

sample carrier means, during which the sputter processing 

is carried out. The processed samples are taken into the 

pre-process chamber and then taken out the pre-process 

chamber. 

[ Embodiment ] 

Hereinafter, an embodiment of the present invention 
will be described with referring to FIGS. 1-3. 

In FIGS. 1 and 2, a buffer chamber 10 has an 
external shape of a pentagonal prism and has a 
substantially U-shaped space in a longitudinal section. In 
each side wall of the pentagonal shape of the buffer 
chamber 10, a press seat 12 having an opening 11 is 
provided. Externally of each side of the pentagonal shape 
of the buffer chamber 10, a pre-process chamber 20 and four 
process chambers 30.- 60 are disposed in communication with 
the buffer chamber 10 through each opening 11. In this 
case, the process chamber 30 is a heating chamber in which 
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heating means 31 such as an infrared radiation heater is 
provided corresponding to the opening 11.. The process 
chambers 40 and 50 are sputtering chambers, which are 
provided with sputtering means 41 and 51 , respectively. 
The process chamber 60 is a preliminary chamber. 
Internally of the buffer chamber 10, a rotary drum 70 is 
provided rotatably by rotation support means 71 such as a 
bearing. In this case, the rotary drum 7 0 is rotated by 
operating a motor 75 through power transmission means 72 
and gears 73 and 74. The power transmission means 72, the 
gears 73 and 74, and the motor 75 are provided externally 
of the buffer chamber 10. On the rotary drum 70, five (in 
this case) sample holding means 80 are disposed at a 
position corresponding to each of the openings 11. The 
sample holding means 80 are provided in the outer 
circumference of the rotary drum through expansion means 90 
such as a bellows. The expansion means 90 has a function 
of air tightly holding the interior of the buffer chamber 
10. The sample holding means holds a sample in an attitude 
vertical to a surface to be processed, the holding being 
done by an elastic force of, for example, a pawl .(not 
shown) . Five pushers 110. are provided radially, 
substantially about an inner tube 13 in which a shape 
constituting the buffer chamber 10 is cylindrical. The 
pushers 110 can be reciprocated in a radial direction by 
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vacuum seal-support means 111, and the outer end thereof 
can be placed in contact with the back of the sample 
holding means by the reciprocation. A spring 112 such as a 
coil spring is elastically provided, on the pushers 110, 
between the inner ends of the pushers 110 and the vacuum 
seal-support means 111. A conical cam 113 is provided on a 
substantially central axis of a center of the inner tube 13 
A roller 114 is provided on an inner end of the pusher 110, 
the roller 114 being always placed in contact with a 
conical surface of the conical cam 113 by means of a spring 
force of the spring 112. The conical cam 113 is provided 
with elevating drive means 115 such as an air cylinder-. An 
evacuation port 14 for communicating the buffer chamber 10 
with the process chambers 30 - 60 is formed in each side 
wall corresponding to the process chambers 30 - 60 of the 
buffer chamber 10. The process chambers 30 - 60 are 
provided with a valve 120 for opening and closing each 
evacuation port 14. The valve 120 is driven to open and 
close by drive means 121 such as an air cylinder. A high 
vacuum pump 131 is connected to a bottom of the buffer 
chamber 10 through an L-shaped exhaust pipe 130. In this 
case, a main valve 132 is driven to open and close by open- 
close means (not shown) whereby the buffer chamber 10 is 
evacuated to produce a high vacuum therein. To the process 
chambers 30 - 60 are connected a sweep exhaust tube 133 and 
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gas piping 145 through a sluice valve 141 and a throttle 
valve 142 so that process gases may be introduced. 

In FIGS. 1 and 2, the pre-process chamber 20 is 
provided with sample carrier means 21 such as a belt 
carrier device for taking samples in the pre-process 
chamber 20, a heating station 22, an etching station 23, 
sample carrier means 24 such as a rotary arm carrier device 
for carrying samples between a pusher 211 of the sample 
carrier means 21 and a pusher 221 of the heating station 22,. 
sample carrier means 25 such as a rotary arm carrier device 
for carrying samples between a pusher 221 of the heating 
station and a pusher , 231 . of the etching station, sample 
carrier means 26 such as a belt carrier device for carrying 
samples, sample carrier means 27 such as a rotary arm 
carrier device for carrying samples between a pusher 231 of 
the etching station 23 and a pusher 261 of the sample 
carrier means 26, and sample carrier means 28 such as a 
carrier device using a link mechanism for converting an 
attitude of a surface to be processed of a sample between a 
horizontal upward .attitude and a vertical attitude and for 
carrying samples between a pusher 261 of the sampl.e carrier 
means 26 and the sample holding means 80. A high vacuum 
pump 135 is connected to the side wall of the pre-process 
chamber 20 through an L-shaped exhaust pipe 134. The pre- 
process chamber 20 is evacuated by the high vacuum pump 135 
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to produce a high vacuum therein. The heating station 22 
is provided with heating means 222 such as an infrared 
radiation heater. The etching station 23 is provided with 
sputter etching means comprising a sample electrode 23, an 
opposed electrode (not shown) , drive means (not shown) for 
elevating the opposed electrode, drive means (not shown) 
for elevating the pusher 231, and shield means for forming 
a space including the sample electrode 232 and the opposed 
electrode when the sputter etching process takes place 
(forming by an insulating material). In this case, process 
gases are released toward the sample electrode 232 through 
the opposed electrode. The space is differential-evacuated 

Iii FIGS. 1 and 2, the process chamber 20 is provided 
with a load chamber 160 through vacuum cut-off means 150 
such as a gate valve at a position corresponding to the 
sample carrier means. The load chamber 160 is internally 
provided with sample carrier means 161 such as a belt 
carrier device for carrying samples within the load chamber 
160 and delivering the samples to the sample carrier means 
21 through the vacuum cut-off means 150. The load chamber 
260 is provided with atmosphere vacuum cut-off means 170 
such as a gate valve at a position corresponding to the 
sample carrier means 161. On the atmosphere side of the 
atmosphere vacuum cut-off means 170 is provided sample 
carrier means 190 such as a belt carrier device for 
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receiving and carrying samples from a cassette loader 180 
and delivering the samples through the atmosphere vacuum 
cut-off means 170. On the other hand, the process chamber 
20 is provided with an unload chamber 162 through vacuum 
cut-off means 151 such as a gate valve at a position 
corresponding to the sample carrier means 26. The unload 
chamber 162 is internally provided with sample carrier 
means 163 such as a belt carrier device for carrying 
samples within the unload chamber 162 and receiving the 
samples from the sample carrier means 2 6 through the vacuum 
cut-off means 151. The unload chamber 162 is provided with 
atmosphere cut-off means 171 such as a gate valve at a 
position corresponding to the sample carrier means 163. On 
the atmosphere side of the atmosphere cut-off means 171 is 
provided sample carrier means 191 such as a belt carrier 
device for delivering samples to a cassette unloader 181 
and receiving and carrying the samples from sample carrier 
means 163 through the atmosphere cut-off means 171. 
Although not shown, the load chamber 160 and the unload 
chamber 162 are provided with vacuum evacuation means and 
leak means from vacuum to atmospheric pressure, 
respectively. 

In FIG. 3, the buffer chamber 10 provided with the 
process chambers 30 to 60, the pre-process chamber 20 , the 
load chamber 160 and the unload chamber 162 are installed 
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on a base 200. A box 210 including a cassette loader 180 
and a cassette unloader 181 are mounted detachably on the 
base 200. With this, the base 200 side and the box 210 
side can be placed in a maintenance area of the sputtering 
apparatus and in a cleaning area, that is, a clean room, 
respectively, with a partitioning wall 300 of a clean room 
on which the sputtering apparatus is installed as a border. 
Because of this, it is possible to prevent dust from 
adhering to samples. Further, even in the case of 
connecting other equipment to provide an automatic carrier 
line, the whole apparatus need not be changed, which can be 
coped therewith merely by removing the box 210 from the 
base 2 00, and newly mounting a separate carrier line. 

In FIGS. 1 and 2 , when the elevating drive means 115 
is operated from that state to move down the conical cam 
113, the pusher 110 is moved toward the back of the sample 
holding means 80 against the spring force of the spring 112. 
In the midst of this movement, the outer end of the pusher 
110 comes in contact with the back of the sample holding 
means 80. When this movement is further continued, the 
sample holding means 80 is moved toward the press -seat 12, 
and finally comes in contact with the press seat 12 and is 
pressed. In such a state, a communication between the 
inside of the buffer chamber 10 and the inside of the pre- 
process chamber 20 is cut off. Thereafter, when the main 
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valve 132 is opened to operate the high vacuum pump 131, 
the buffer chamber 10 is high vacuum evacuated. Further, 
when the valve 120 is opened to open the evacuation port 14, 
the process chambers 30 - 60 are high vacuum evacuated 
through the inside of the buffer chamber 10. On the other 
hand, the vacuum cut-off means 150 and 151 are closed to 
cut off a communication between the inside of the pre- 
process chamber 20, the inside of- the load chamber 160 and 
the inside of the unload chamber 162, and the high vacuum 
pump 135 is operated to high-vacuum evacuate the pre- 
process chamber 20. It is noted that the inside of the 
load chamber 160 and the inside of the unload chamber 162 
are allowed to be at an .atmospheric pressure by the leak 
means whereby the atmosphere vacuum cut-off means 17 0 and 
171 are opened. Afterward, when a cassette (not shown) 
having unprocessed samples enclosed therein is set on the 
cassette loader 180, and an empty cassette (not shown) is 
set on the cassette unloader 181, an operation is started. 
When . the sample carrier means 190 is operated, . an 
unprocessed sample is taken out of the cassette, and 
carried toward the atmosphere vacuum cut-off means* 170. 
Thereafter, when the sample carrier means 161 is operated, 
a sample having, been carried by the sample carrier means 
190 is delivered to the sample carrier means 161 through 
the atmosphere vacuum cut-off means 170 being opened and 
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taken into the load chamber 160. Thereafter, the 
atmosphere vacuum cut-off means 170 is closed, and the load 
chamber 160 is vacuum evacuated. Thereafter, the vacuum 
cut-off means 150 is opened to communicate the inside of 
the load chamber 160 with the inside of the pre-process 
chamber 20. In this condition, when the sample carrier 
means 161 is operated to operate the sample carrier means 
21, a sample is delivered from the sample carrier means 161 
to the sample carrier means 21 through the vacuum cut-off 
means 150 being opened, and taken into the pre-process 
chamber 20. Thereafter, the vacuum cut-off means 150 is 
closed, and a new sample is taken into the load chamber 160 
by the previously mentioned operation. On the other hand, 
the sample is delivered to the sample carrier means 21, and 
when the sample arrives at a position corresponding to the 
pusher 211, the sample is stopped to be carried by a 
stopper 212 or the like. Thereafter, when the pusher 211 
is moved upward, the sample is delivered from the sample 
carrier means 21 to the pusher 211. Thereafter, when the 
sample holding portion of the sample carrier means 24 is 
corresponded to the pusher 211 and the pusher 211 is moved 
down, the sample is delivered from the pusher 211 to the 
sample holding portion of the sample carrier means 24. 
Thereafter, the sample holding portion of the sample 
carrier means 24 is moved toward the pusher 221 of the 
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heating station 22, and this movement is stopped when the 
sample holding portion of the sample carrier means 24 
arrives at the position corresponding to the pusher 221. 
Thereafter, when the pusher 221 is moved upward, the sample 
is delivered from the sample holding .portion of the sample 
carrier means 24 to the pusher 211. The sample carrier 
means 24 is withdrawn to a location indicated in FIG. 1 so 
that repeats the aforementioned operation can be repeatedly 
carried out. On the other hand, the pusher 221 is moved 
downward, and the sample is heated by the heating means 222 
and subjected to bake processing. Gases generated by this 
bake processing are exhausted outside the pre-process 
chamber 20 by the high vacuum pump 135. Upon completion of 
the bake processing, the pusher 221 is moved upward in the 
state of holding the sample. Thereafter, when the sample 
holding portion of the sample carrier means 25 is allowed 
to correspond to the pusher 221 to move down the pusher 221, 
the sample is delivered from the pusher 221 to the sample 
holding portion of the sample carrier means 25. Thereafter, 
the sample holding portion of the sample carrier means 25 
is moved toward the pusher 231 of the etching station 23, 
and this movement is stopped when the sample holding 
portion of the sample carrier means 25 arrives at the 
position corresponding to the pusher 231. Thereafter, when 
the pusher 231 is moved upward, the sample is delivered 
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from the sample holding portion of the sample carrier means 
25 to the pusher 231. Thereafter, the sample carrier means 
25 is withdrawn to a location indicated in FIG. 1 so that 
the aforementioned operation can be carried out. On the 
other hand, the pusher 231 is moved downward, and placed on 
a sample electrode of the etching station 23. Thereafter, 
the opposed electrode is moved downward, and process gases 
are introduced into the space of the etching station. 
Spacing between the opposed electrode and the sample 
electrode is properly adjusted and maintained, and for 
example, a high frequency power is applied to between the 
electrodes. By application of the high frequency power, a 
discharge occurs between the electrodes, and the process 
gases are formed into plasma. The sample is subjected to a 
sputter-etching process with the plasma. Gases and process 
gases generated by the sputter-etching process are 
differential-exhausted from the space into the pre-process 
chamber 20 and exhausted outside the pre-process chamber 20 
Upon completion of the sputter-etching process, the opposed 
electrode is moved upward. Thereafter, when the pusher 231 
is moved upward, the sample is delivered from the* sample 
electrode to the pusher 231. Thereafter, when the sample 
holding portion of the sample carrier means 27 is allowed 
to correspond to the pusher 231 to move down the pusher 231 
the sample is delivered from the pusher 231 to the sample 
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holding portion of the sample carrier means 27. Thereafter, 
the sample holding portion of the sample carrier means 27 
is moved toward the pusher 261, and this movement is 
stopped when the sample holding portion of the sample 
carrier means 27 arrives at the position corresponding to 
the pusher 261. Thereafter, when the pusher 261 is moved 
upward, the sample is delivered from the sample holding' 
portion of the sample carrier means 27 to the pusher 261. 
Thereafter, the sample carrier means 27 is .withdrawn to a 
location indicated in FIG. 1 so that the aforementioned 
operation can be repeatedly carried out. On the other hand, 
the sample delivered to the pusher 261 is delivered to the 
sample holding portion of the sample carrier means 28 (for 
example, being mechanically held by a pawl) . The sample 
delivered to the sample holding portion of the sample 
carrier means 28 is converted in the attitude of a surface 
to be process from a horizontal upward attitude to a 
vertical attitude, and afterwards, is delivered to the 
sample holding means 8 which cuts off a communication 
between the inside of the buffer chamber 10 and the inside 
of the pre-process chamber 20. Thereafter, the sample 
carrier means 28 is returned to a state shown in FIG. 2 so 
that the aforementioned operation can be repeatedly carried 
out. Thereafter, the elevating drive means 115 is operated 
to move up the conical cam 113 whereby the pusher 110 is 
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moved toward the center of the cylinder 13 by the spring 
force of the spring 112. This movement releases a pressing 
of the sample holding means 80 against the press seat 12 
and a contact of the pusher 110 on the back of the sample 
holding means 80 (FIGS. 1 and 2). In this state, the motor 
75 is operated to rotate the rotary drum 70 by 1/5 
counterclockwise in FIG. 1, whereby the sample holding 
means 80 holding a sample is allowed to correspond to the 
opening 11 of the process chamber 30, and the sample 
holding means 80 not holding a sample is allowed to 
correspond to the opening 11 of the pre-process chamber 20. 
Thereafter, the sample holding means 80 is pressed against 
the press seat 12 by the aforementioned operation to 
thereby cut-off a communication between the inside of the 
buffer chamber 10 and the inside of the pre-process chamber 
20. The sample is heated by the process chamber 30, and on 
the other hand, a new sample is taken into the pre-process 
chamber 20 passing through the load, chamber 160 from the 
cassette by the aforementioned operation, and the sample, 
after having been subjected to the bake processing and the 
sputter-etching processing, is converted in attitude by the 
sample carrier means 28. In this manner, samples are 
sequentially taken into the pre-process chamber 20, and 
sequentially subjected to the bake processing and the 
sputtering processing, after which they are sequentially 
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converted in attitude and sequentially delivered to the 
sample holding means 80. When the samples delivered to the 
sample holding means 80 are rotated by 1/5 counterclockwise 
in FIG. 1, they are allowed to correspond sequentially to 
the process chambers 30 - 60 whereby the samples are heated 
and subjected to the sputtering process. It is noted that 
the samples having been subjected to all processes are 
delivered from the sample holding means 80 to the sample 
holding portion of the sample carrier means 28 , where their 
attitudes are converted from a vertical attitude to a 
horizontal upward attitude, after which they are delivered 
to the sample carrier means 26 through the pusher 261. 
Thereafter, when the vacuum cut-off means 151 is opened to 
operate the sample carrier means 26 and 163, the processed 
samples are taken into the unload chamber 162 from the pre- 
process chamber 20. Thereafter, the vacuum cut-off means 
151 is closed so that the inside of the unload chamber 162 
is returned to be at an atmospheric pressure. Thereafter, 
when the vacuum cut-off means 171 is opened to operate the 
sample carrier means 163 and 191, the processed samples are 
carried outside the unload chamber 162 and recovered into 
the empty cassette. Such an operation as described is 
repeatedly carried out whereby the processed samples are 
taken out of the buffer chamber 10 and recovered one by one 
into the empty cassette passing through the pre-process 
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chamber 20 and the unload chamber 162. 

In the present embodiment, the following effects are 
obtained: 

(1) Since gases generated at the time of the bake - 
processing and the sputter-etching processing of samples 
can be exhausted without being passed through the buffer 
chamber' so as to prevent the gases from turning to the 
process chamber for carrying out the sputtering processing, 
it is possible to prevent an occurrence of a cross- 
contamination . 

(2) Since the bake processing and the sputter- 
etching processing are carried out in the process chamber, 
the number of process chambers capable of carrying out the 
sputtering process increases, and a multi-layer film, for 
example, a three-layer film of films in the form of 
different kinds of metal demanded by wiring films of a sub- 
micron order can be obtained in a continuous processing. 
While in the present embodiment, the bake processing and 
the sputter-etching processing are carried out as the pre- 
process of samples, only the bake processing or only the 
sputter-etching processing may be carried out instead. 
Further, evacuation of the process chamber may be carried 
out independently without intervention of the buffer 
chamber . 

[Effect of the Invention] 
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According to the present invention, there is an 
effect that since gases generated at the time of the bake 
processing and the sputter-etching processing of samples 
can be exhausted without being passed through the buffer 
chamber so as to prevent the gases from turning to the 
process chamber for carrying out the sputtering processing, 
it is possible to prevent an occurrence of a cross- 
contamination. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a continuous 

sputtering apparatus according to the present invention; 
FIG. 2 is a view taken on line A - A, and 
FIG. .3 is a plane external view of FIG. 1. 

10 ... buffer chamber, 11 ... opening, 20 ... pre-process 
chamber, 21, 24 - 28 ... sample carrier means, 22 ... heating 
station, 23 ... etching station, 30 - 60 ... process chamber, 
7 0 ... rotary drum, 71 ... rotary support means, 72 ... power 
transmission means, 73, 74 ... gear, 75 ... motor, 80 ... sample 
holding means, 90 ... expansion means, 110 ... pusher r . Ill ... 
vacuum seal-support means, 112 ... spring, 113 ... conical cam, 
114 ... roller, 115 ... elevating drive means, 131 ... high 
vacuum pump, 135 ... high vacuum pump. 



